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Objective: This paper examines the development
and evaluation of an automatic summarization
system in the domain of molecular genetics. The
system is a potential component of an advanced
biomedical information management application
called Semantic MEDLINE and could assist
librarians in developing secondary databases of
genetic information extracted from the primary
literature.

Methods: An existing summarization system was
modified for identifying biomedical text relevant to
the genetic etiology of disease. The summarization
system was evaluated on the task of identifying data
describing genes associated with bladder cancer in

MEDLINE citations. A gold standard was produced
using records from Genetics Home Reference and
Online Mendelian Inheritance in Man. Genes in text
found by the system were compared to the gold
standard. Recall, precision, and F-measure were
calculated.

Results: The system achieved recall of 46%, and
precision of 88% (F-measure50.61) by taking Gene
References into Function (GeneRIFs) into account.

Conclusion: The new summarization schema for
genetic etiology has potential as a component in
Semantic MEDLINE to support the work of data
curators.

INTRODUCTION

Due to evolving technologies and policies, libraries
have an increasing interest in the process of data
curation. As McDonald and Uribe point out [1], the
open access movement, coupled with ever-increasing
volumes of data from current scientific investigations,
has created a research environment that calls for new
management strategies for domain-specific data cura-
tion, which is defined here as the organization,
preservation, and enhancement of the data through
value-added features such as annotations. This
environment has united traditional academic partic-
ipants such as librarians, researchers, and adminis-
trators, who previously worked independently.

Librarians have the opportunity to take a leadership
role in implementing techniques and policies for data
curation and preservation. For example, an academic
library could partner with other campus departments
in creating the framework for enhancing and preserv-
ing the institution’s research, possibly creating unique
and priceless resources. There are several examples in
which librarians have taken the lead in information
curation, access, preservation, and management,
including in neuro-ophthalmology [2], institutional
repositories [3], and other areas. Curators of second-
ary databases face the demanding task of identifying
relevant information from primary sources, which are
continually increasing [4]. The development of curat-
ed databases is often based on a complex methodol-

ogy of information discovery, content development,
and expert review [5, 6].

Information discovery for secondary databases may
depend on traditional information retrieval and the
meticulous, manual inspection of documents result-
ing from conventional searches of databases such as
MEDLINE. This task can be quite daunting and time
consuming. In developing the Human Protein Refer-
ence Database (HPRD), for example, developers
performed extensive searches in PubMed to identify
relevant literature. Then, researchers spent over
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50,000 hours during an 8-month period reading more
than 300,000 articles to manually curate HPRD
records [7].

Biomedical information retrieval techniques pro-
vide support for secondary database curation [8];
however, little research has been published on using
automatic summarization to augment these tech-
niques and help manage the information contained
in the large numbers of MEDLINE citations often
returned by PubMed searches. Automatic summari-
zation provides the information most relevant to a
user’s interest from a source in a condensed format.
The advanced biomedical information management
application Semantic MEDLINE* [9] integrates auto-
matic summarization with information retrieval,
semantic processing, and visualization to analyze
biomedical text. Semantic processing in the applica-
tion uses SemRep [10, 11] to represent document
content as semantic relations (e.g., drug X TREATS
disease Y), also referred to as semantic predications.
Automatic summarization [12] further processes these
relations to identify those that are most relevant to a
user’s needs. The resulting semantic relations are then
presented to the user in a graph that visually displays
the content of retrieved documents. Because links are
maintained between semantic relations and input text,
the graph serves as a guide to help users decide what
to read.

The thrust of the research reported here was to
extend the use of Semantic MEDLINE to the domain
of molecular genetics. Librarians maintaining data-
bases in this domain must keep pace with the growing
amounts of data generated by improved genetic
analytic technologies [13] and need the ability to
easily identify genes associated with a particular
disease. The authors first describe the technology
required to extend Semantic MEDLINE and then
suggest how the application can serve as an adjunct to
traditional information retrieval in secondary data-
base curation. In the evaluation, genes extracted by
the system were compared to those found in two
actively curated genetic databases, Genetics Home
Reference and Online Mendelian Inheritance in Man
(OMIM).

BACKGROUND

Curated resources

Genetics Home Reference [14], hosted by the National
Library of Medicine, was introduced in 2003 as a
consumer-friendly website for genetic diseases [15].
The site implements a content development strategy
that combines human effort with select complemen-
tary automated functions [16]. The OMIM database
[17], a Johns Hopkins University product hosted by
the National Center for Biotechnology Information at
the National Library of Medicine, implements a

curation strategy in which journal content is reviewed
daily by hand [18, 19]. Under agreement with
publishers, OMIM receives articles from specific
journals prior to publication. OMIM staff also read
additional publications looking for potential materials
for manual review. Genetics Home Reference pro-
vides information on a level appropriate for patients;
OMIM furnishes more technical, detailed genetic
disease information suited for scientists. The two
databases provide a full landscape of online genetics
information.

Document source

The primary document source for this study was
MEDLINE, the premier database of the National
Library of Medicine, which includes more than
eighteen million citations, representing the biomedi-
cal literature from 1949 to the present [20].

Semantic MEDLINE

Semantic MEDLINE [9] is a multiple-step tool in
development that helps users manage the results of
PubMed searches. The application extracts the succinct
meaning of the text it processes and displays the
resulting distilled data in an interactive graph that
maintains links to the original text. Semantic MEDLINE
proceeds in four steps: PubMed searching, extraction of
semantic predications with SemRep, automatic sum-
marization, and visualization (Figure 1).

SemRep

At the core of Semantic MEDLINE is SemRep [10, 11],
a rule-based, symbolic natural language processing
application that uses the Unified Medical Language
System (UMLS) [21] to express the meaning of text in
a straightforward and consistent representation,
called a semantic predication. Such a representation
has arguments and a predicate. The following
illustrates this process:

Original text: ‘‘The IGF1R is up-regulated in bladder cancer
compared with non-malignant bladder, and might contrib-
ute to a propensity for invasion.’’ [22]

Extracted semantic predication: IGF1R gene ASSOCIA-
TED_WITH Carcinoma of bladder

SemRep uses MetaMap [23] to map the text IGF1R
and bladder cancer to the metathesaurus concepts
‘‘IGF1R gene’’ and ‘‘Carcinoma of bladder,’’ which
are associated with semantic types (or classes) ‘‘Gene or
Genome’’ and ‘‘Neoplastic Process,’’ respectively.
These concepts function as the arguments of the
predication. Based on the semantic types, SemRep
then draws on the semantic network to identify the
predicate (or relation), ASSOCIATED_WITH, that
binds these arguments. SemRep extracts semantic
predications for an array of predicates, including
TREATS, LOCATION_OF, INHIBITS, INTERACTS_

* A public demonstration interface is at http://skr3.nlm.nih.gov/
SemMedDemo/.
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WITH, CAUSES, PREDISPOSES, and ASSOCIATED_
WITH, among others.

Automatic summarization

In the summarization phase, a schema filters semantic
predications extracted from MEDLINE citations ac-
cording to a user-selected point of view and topic
concept [12]. For example, if a user were interested
only in information addressing treatment (i.e., the
point of view) for a particular disease (i.e., the topic
concept), summarization would collect the best
predications that expressed this information. The
summarization architecture does this by subjecting
SemRep predications to four sequential phases of
filtering, which select only those semantic predica-
tions pertinent to the selected point of view and topic
concept:
& Relevance collects predications addressing the
user-selected topic concept.
& Connectivity augments relevancy predications with
others associated with the topic concept.
& Novelty eliminates predications asserting basic
knowledge that users already know.
& Saliency limits final output to predications that
occur most frequently.

The current online Semantic MEDLINE prototype
includes schemas that summarize for treatment [12],
substance interactions [24], diagnosis, and pharmaco-
genomics [25] points of view.

METHODS

To explore Semantic MEDLINE’s ability to assist
librarians in curating secondary genetics databases, a
new summarization schema was first created, target-
ing semantic predications that are relevant to the
genetic etiology of disease. Subsequently, documents
retrieved from MEDLINE were processed in the
Semantic MEDLINE model enhanced with this
schema. Finally, the genes identified during this

processing were evaluated by comparing them to a
reference standard compiled from Genetics Home
Reference and OMIM.

A summarization schema for genetic etiology
of disease

As noted earlier, a schema provides a general means
of identifying SemRep predications for a particular
point of view. Earlier work [26, 27] had enhanced
SemRep to extract semantic predications on the
genetic etiology of disease but had not provided a
summarization schema. A schema for this purpose
has two features: a list of allowable predicates and a
list of semantic types that specify which metathe-
saurus concepts the listed predicates are permitted to
have as arguments. The new schema was designed in
such a way as to summarize SemRep data for any
disease topic the user may choose, from the point of
view of genetic disease etiology.

In crafting the schema, allowable semantic types
were assembled into three groups: ‘‘Genetic Phenom-
enon,’’ ‘‘Anatomy,’’ and ‘‘Disease Process.’’ The
following indicates the UMLS semantic types includ-
ed in each of these groups:

Genetic Phenomenon: Amino Acid Sequence; Enzyme;
Genetic Function; Nucleic Acid, Nucleoside, or Nucleotide;
Nucleotide Sequence; Amino Acid, Peptide, or Protein;
Gene or Genome; and Molecular Sequence.

Anatomy: Anatomical Structure; Body Part, Organ, or
Organ Component; Cell; Cell Component; Embryonic
Structure; Fully Formed Anatomical Structure; Gene or
Genome; and Tissue.

Disease Process: Acquired Abnormality; Anatomical Ab-
normality; Congenital Abnormality; Cell or Molecular
Dysfunction; Disease or Syndrome; Injury or Poisoning;
Mental or Behavioral Dysfunction; Neoplastic Process;
Pathologic Function; Sign or Symptom; Biologic Function;
Cell Function; Mental Process; Molecular Function; Natural

Figure 1
Semantic MEDLINE
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Phenomenon or Process; Organism Function; Organ or
Tissue Function; Physiologic Function; Behavior; Mental or
Behavioral Dysfunction; and Finding.

The schema for genetic etiology of disease allows
the following predicates: AFFECTS, ASSOCIATED_
WITH, AUGMENTS, CAUSES, DISRUPTS, COEX-
ISTS_WITH, INHIBITS, PREDISPOSES, and STIMU-
LATES. When the arguments of these predicates are
limited to the semantic types noted above, the schema
specifies the semantic predications permitted in
summarization when generated from the point of
view of the genetic etiology of disease. The following
illustrates the specific semantic types (by the previ-
ously noted groups) and predicate combinations
allowed by the schema:

{genetic phenomenon} AFFECTS {disease process}
{genetic phenomenon} AUGMENTS {disease process}
{genetic phenomenon} DISRUPTS {disease processes OR
anatomy}
{genetic phenomenon} ASSOCIATED_WITH {disease pro-
cess}
{genetic phenomenon} PREDISPOSES {disease process}
{genetic phenomenon} CAUSES {disease process}
{genetic phenomenon} STIMULATES {genetic phenomenon}
{genetic phenomenon} INHIBITS {genetic phenomenon}
{disease process} COEXISTS_WITH {disease process}

For example, this schema allows the genetic
etiology predication ‘‘NAT 2 gene PREDISPOSES
Carcinoma of bladder’’ to be included in the summary
because the predicate PREDISPOSES matches, and
further, the subject argument ‘‘NAT 2 gene’’ has the
semantic type ‘‘Gene or Genome,’’ which is included
in the ‘‘genetic phenomenon’’ group, and the object
argument has the semantic type ‘‘Neoplastic Process,’’
which is in the ‘‘Disease Process’’ group. The use of
three semantic groups permits predications in the
summary that do not strictly assert genetic etiology
but rather provide likely valuable additional infor-
mation, such as ‘‘{genetic phenomenon} DISRUPTS
{anatomy}’’ and ‘‘{disease process} COEXISTS_WITH
{disease process}.’’ Finally, the predication ‘‘Immuno-
therapy TREATS Carcinoma of bladder’’ is not
allowed, because the predicate TREATS is not in the
schema.

Acquisition of input text

To test the efficiency of the Semantic MEDLINE
model (enhanced with the new schema) in identifying
research literature relevant to curation of a secondary
resource, the team chose bladder cancer, the sixth
overall leading form of cancer in the United States
[28], as a topic of study. To complete the first phase in
the Semantic MEDLINE model, the project team
executed the following PubMed query:

urinary bladder neoplasms[mh] OR ‘‘bladder cancer’’ OR
‘‘cancer of the bladder’’

Limits: Publication date from 2003/01/01 to 2008/07/31,
only items with abstracts, English

Five thousand six hundred six citations (titles and
abstracts) were retrieved with this query and subse-
quently downloaded from MEDLINE.

Document processing

All citations were processed by SemRep, and the
extracted predications were then submitted to the
new schema for summarization on the topic of
bladder cancer according to the genetic etiology of
disease point of view.

Extraction of a list of genes from the
summarized predications

A list of genes implicated in bladder cancer was
extracted from the predications in the summarization
schema’s output, subject to the following criteria: The
subject concept must have a semantic type belonging
to the group ‘‘Genetic Phenomenon,’’ and the object
must be a concept referring to bladder cancer
(‘‘Carcinoma of bladder,’’ ‘‘Bladder Neoplasm,’’ and
‘‘Carcinoma, Transitional Cell’’). These bladder can-
cer concepts map to the semantic type ‘‘Neoplastic
Process,’’ which is in the ‘‘Disease Process’’ group.
For example, ‘‘FGFR3 gene’’ is extracted from the
‘‘FGFR3 gene ASSOCIATED_WITH Carcinoma, Tran-
sitional Cell.’’

Compilation of the reference standard from Online
Mendelian Inheritance in Man and Genetics
Home Reference

The reference standard for this project consisted of the
genes noted as associated with bladder cancer in
OMIM and Genetics Home Reference. To identify
valid genes in OMIM, the team retrieved all records
that were either phenotypically relevant to bladder
cancer or provided clinical synopses for this disease
using the following query:

‘‘bladder cancer’’[All Fields] OR ‘‘bladder cancers’’[All
Fields] OR ‘‘bladder cancer cases’’[All Fields] OR ‘‘bladder
cancer cell’’[All Fields] OR ‘‘bladder cancer patients’’[All
Fields] OR ‘‘bladder carcinoma’’[All Fields] OR ‘‘bladder
carcinogenesis’’[All Fields]

This query was first executed with the OMIM
interface limits options manipulated to retrieve a
broad range of genetic information associated with
bladder cancer, varying from known genes with
known chromosome loci, to hypothesized loci only,
to a suspected but not ascertained genetic basis. Then,
the query was issued a second time after modifying
the OMIM interface limits options to retrieve only
records that included a clinical synopsis. The results
of these two queries were then combined, resulting in
fourteen records. In Genetics Home Reference, the
query ‘‘bladder’’ retrieved records either addressing
general phenotype information (with the general label
‘‘Genetic Condition’’) or a gene. Of these, we
identified eleven records containing information
relevant to the genetic basis of bladder cancer.
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The twenty-five records extracted from OMIM and
Genetics Home Reference were then examined for
specific genes. Records were limited to those based on
source literature published within the study’s time-
frame (January 2003 through July 2008). Genetics
Home Reference records noted ten genes with disease
implications, while OMIM noted seven. Four genes
were noted by both databases as relevant to bladder
cancer. Genes noted in each record were classified as
having a confirmed or possible involvement in bladder
cancer. Genes noted in the main phenotype records of
each database as implicated in bladder cancer were
classified as having a confirmed involvement. To
illustrate, the FGFR3 gene received a confirmed
classification, due to its combination with the phrase
‘‘implicated in bladder carcinogenesis’’ in OMIM
record #109800 for bladder cancer [29] and for its
presence in the Genetics Home Reference bladder
cancer condition record indicating that it is ‘‘asso-
ciated with bladder cancer’’ [30]. Genes noted in
other records in certain explicit contexts (adjacent to
survival rates, for example) received a possible
classification. For example, Genetics Home Refer-
ence notes an ‘‘amplification’’ of the possible-classi-
fied ERBB3 gene ‘‘and/or overexpression of [its]
protein’’ in bladder tumors in the ERBB3 gene
record [31]. Genes tied to conflicting, uncertain, or
undefined wording were also classified as possible.
For example, Genetics Home Reference notes con-
flicting evidence defining the ATM gene’s implica-
tion in bladder cancer [32]. Therefore, it was
assigned a possible classification. All genes from
Genetics Home Reference and OMIM, regardless of
classification, were included in the final reference
standard as implicated in bladder cancer. Using
these criteria, thirteen genes were included in the
reference standard (Table 1).

Evaluation

The second author (Fiszman) manually matched the
output of the genes extracted from the final summa-
rization output against the genes in the reference
standard. Based on this matching, recall, precision,
and F-measure were calculated. Recall was defined as
the percentage of genes in the reference standard that
were found in the summarized output. Precision was
measured by determining the percentage of all genes
in the summarized output that was noted in the
reference standard or in an Entrez Gene [33] Gene
References into Function (GeneRIF) as implicated in
bladder cancer development. GeneRIF annotations
[34] in corresponding Entrez Gene records (for Homo
sapiens only) were consulted for such genes that were
not noted in OMIM or Genetics Home Reference. If an
explicit GeneRIF annotation noted an association of
the gene with bladder cancer, it was counted as a true
positive in the precision computation. The F-measure,
which ranges from a high of one to a low of zero,
expresses a balanced average between the recall and
precision scores.

RESULTS

SemRep extracted 38,498 semantic predications from
the 5,606 citations retrieved from MEDLINE. The
summarization phase limited these to 359 semantic
predications relevant to bladder cancer (using the
schema for genetic etiology). From these predications,
17 genes and proteins were extracted based on the
criteria noted in ‘‘Extraction of a List of Genes from
the Summarized Predications.’’ These were normal-
ized to the gene name in Entrez Gene and are shown
in Table 2.

Table 3 shows the results of manually comparing
the genes from summarization to the reference
standard (OMIM and Genetics Home Reference) to
compute recall and to Entrez Gene GeneRIFs in
addition to the reference standard for computing
precision. Of the thirteen genes in the reference
standard, six were represented in the final summari-
zation output. Out of seventeen genes in the summa-
rization output, eleven were false positives when
compared only to the reference standard, while only
two were false positives when compared to the
reference standard and GeneRIFs.

DISCUSSION

The modified summarization system described in this
paper and evaluated with bladder carcinoma genes
obtained moderately good recall when compared to
the reference standard compiled from OMIM and
Genetics Home Reference. Precision increased sub-
stantially when GeneRIFs were taken into account.
GeneRIF annotations are routinely added to an Entrez
Gene record when the linked PubMed record is
indexed, as part of an indexer’s work, and can
provide additional insight into a gene’s involvement
in a disease process.

There are two reasons for the level of current
results. SemRep processing contributed to some
errors, and further development to improve the
accuracy of this application is part of ongoing
research. In addition, genes are noted as implicated
in a disease process in OMIM and Genetics Home
Reference due to curation decisions that are, in part,
independent of what is noted in the collective

Table 1
Gold standard genes associated with bladder cancer

Gene symbol Source Classification

FGFR3 Both Confirmed
XPD OMIM Confirmed
RAG1 OMIM Confirmed
TP53 Both Confirmed
MTCYB OMIM Confirmed
HRAS Both Confirmed
NAT2 Both OMIM Confirmed;

GHR Possible
RB1 GHR Confirmed
TSC1 GHR Confirmed
ATM GHR Possible
TGFB1 GHR Possible
MDM2 GHR Possible
ERBB3 GHR Possible

Using Semantic MEDLINE
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professional literature (and hence in SemRep output).
GeneRIFs, on the other hand, are routinely created as
part of the indexing process for all MEDLINE
citations that include gene information. For example,
the ‘‘CDC91L1 gene’’ was commonly noted as related
to bladder cancer in the summarized SemRep output
but was not noted in the OMIM and Genetics Home
Reference records consulted in creating the reference
standard, even though one of the GeneRIFs in Entrez
Gene for CDC91L1 in Homo sapiens notes the
following: ‘‘CDC91L1 (PIG-U) is a newly discovered
oncogene in human bladder cancer’’ (PMID:
15034568, published within the time frame of this
study). In an actual application, summarized output
could guide curation, but it would be up to curators to
decide what information would be included in their
secondary databases.

The Semantic MEDLINE process—implementing
SemRep, summarization, and visualization—converts
large amounts of data into a concise representation of
semantic predications expressing the data’s meaning,
which can then be quickly reviewed and traced back
to the original text. This process can potentially save
time for database curators reviewing large amounts of
information (although the project did not test this
hypothesis).

Using the modified schema presented in this paper,
the genetic summary can be displayed in Semantic
MEDLINE as an interactive graph [9] (Figure 2). Arcs
(the lines connecting the labeled concepts) represent
relations between each argument node (the labeled
concepts). The central node in the graph represents
the user-determined topic of the summary (‘‘Carcino-
ma of bladder’’). The user may select or deselect
predicates in the upper-right side panel, to focus on
specific relationships in the graph. By right clicking
on a given arc, the user can access the original text
from which a semantic predication was extracted. As
shown in Figure 2, the user may right-click the
‘‘PREDISPOSES’’ relationship arc between the GSTT1
gene concept node and the central concept ‘‘Carcino-

ma of bladder’’ to view the original text (a MEDLINE
citation).

As noted in the introduction, use of this tool creates
the potential for collaborative curation work between
librarians and researchers. The following scenario
further illustrates how this might work in practice:
The board that oversees the institutional repository at
a major university decides to integrate into this
repository primary data from a university laboratory
exploring the genetic etiology of disease. The librarian
in charge of repository curation notes that an added-
value resource summarizing the published findings of
the laboratory’s research would assist other campus
scientists in appraising the data. The librarian submits
a query to Semantic MEDLINE to locate and
download all relevant citations published by the
laboratory’s faculty. The librarian then uses the
application to sequentially summarize the MEDLINE
data for each disease studied, from the point of view
of genetic etiology. To review the summarized results,
the librarian visualizes the data for each disease,
clicking on the arcs in the graph to view citations
associated with each semantic predication. Using the
summarized data, the librarian creates a concise
report of the findings associated with the lab’s data.
The report is stored in the institutional repository
with the lab’s research data, so that users can quickly
determine its potential relevance in their own
endeavors.

Limitations of the study

The evaluation was performed with one disease, and
it is hard to predict the generalizability of perfor-
mance when more diseases are taken into account.
However, SemRep and the summarization system
components of Semantic MEDLINE have been proved
to be effective in a topic-oriented evaluation study to
support evidence-based medical treatment of fifty
diseases [35]. Performance will likely scale similarly to
potentially support genetic database curation.

A further limitation is that the natural language
processing system (SemRep) does not have access to
information curators use to decide what genes are
established markers for diseases. These curation
policies go beyond any language processing system.

CONCLUSIONS

Semantic MEDLINE transforms vast amounts of
bibliographic text into succinct, brief statements. To

Table 2
Genes extracted by the summarization program

Summarization output

TP53 gene*
FGFR3 gene*
BIRC5 gene
Cadherins (CDh1){
Cyclooxygenase 2 (PTGS2){
CDKN2A gene
CDC91L1 gene
Candidate disease gene
NAT2 gene*
EGF gene
TGFB1 protein, human (TGFB1)*{
MDM2 gene*
HRAS gene*
GSTT1 gene
GSTM1 gene
Gelatinase B (MMP9){
CD82 gene

* Genes that appear in the reference standard associated with bladder cancer
are in bold.
{ Genes normalized from proteins are presented in parentheses.

Table 3
Performance measures* for the summarization system on extracting
genes related to bladder cancer from MEDLINE

Metric Results

Precision 88%
Recall 46%
F-measure 0.61

* The table displays the results with taking Gene References into Function
(GeneRIFs) into account for assessing precision (as explained in ‘‘Methods’’).
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place this in a quantitative perspective, in this study
Semantic MEDLINE reduced 5,606 MEDLINE cita-
tions to 359 semantic predications. Curators could
substantially reduce the amount of time needed to
manually review original MEDLINE documentation
by first processing it with Semantic MEDLINE and
then reviewing its output.

This study explored the application of Semantic
MEDLINE to a specific task, that of database
curation. As noted before, this task is relevant to
emerging opportunities for librarians to contribute
as professional partners to parent organizations and
the scientific community at large. Other work can
also be aided by Semantic MEDLINE applications.
For example, librarians could assist patrons in
quickly assessing large amounts of bibliographic
text by first processing it with Semantic MEDLINE
and then instructing them on using its interactive
visual display. Outcomes from separate groups of
research studies, represented as bibliographic text,
could be compared. These services could reaffirm
the importance of university library services and
strengthen the role of librarians as essential partners

in the research endeavors of their individual
institutions.

Future work in schema development and domain
exploration is needed to extend Semantic MEDLINE’s
capabilities and to measure its effectiveness. Summa-
rization that accommodates points of view beyond
those currently available will enable the system to
process data for additional needs. Assessing Semantic
MEDLINE’s ability to assist in additional tasks such as
point-of-care information delivery and patient educa-
tion will give further insight to its potential uses.
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Figure 2
Visualization graph illustrating summarized semantic predications
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